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Comparisons of the rates at which two or more glucosides* undergo 
hydrolysis  under  similar  catalytic  conditions  have  been  made  by 
numerous workers,  1-s the numerical value of the ratio of  two  uni- 
molecular  velocity  coefficients  being  subsequently  employed  as 
evidence in support of the mechanism suggested for the  hydrolysis. 
Thus,  Armstrong  and  Caldwell,  3  from  their  observation  that 
t~-methylglucoside is hydrolysed  1.79  times as rapidly  as  a-methyl- 
glucoside  at  74.1°C.,  argued  that  hydrolytic  attack  during  acidic 
hydrolysis is concerned with the oxygen atom of the ring  structure 
in the sugar portion of the molecule.  Similarly, Kuhn and Sobotka,  6 
employing the data of Sigmond, 2 Armstrong  3 and Fischer  5 on the rates 
of hydrolysis of maltose and a-methylglucoside at  74.1°C.,  arrive at 
the value of 0.14 for the ratio ka-methylglueoside  kmaltose  ; a comparison of this 
value with a  similar ratio found for the enzymic hydrolysis of  these 
glucosides at 30°C. is regarded by Kuhn and Sobotka as quantitative 
* The term glucoside is here used in its general sense, i.e.  to denote any com- 
pound one of the products of hydrolysis of which is a sugar. 
1  Ekenstein, Rec. tray. Pays-Bas, 1895, 13, 185. 
Sigmond, Z. physikal. Chem., 1898, 27, 385. 
s Armstrong and Caldwell, Proc. Roy. Soc. London, Series B, 1904, 74, 188. 
4  Armstrong and Glover, Proc.  Roy. Soc. London,  Series B,  1908, 80~ 312. 
Fischer, Z. physiol. Chem., 1919, 107, 176. 
e Kuhn and Sobotka, Z. physikal. Chem., 1924, 109, 65. 
Josephson, Z. physiol. Chem., 1925, 147, 1. 
s Freudenberg, Dtirr, and Hochstetter,  Berlchte, 1928, 61~ 1735. 
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support for the validity of the Euler-Michaelis  9 theory of catalysis 
in solution.  It is noteworthy that,  in almost all those cases where 
relative rates of hydrolysis are considered, the ratio of the velocity 
coefficients for the two glucosides which are compared at  the same 
temperature  is  assumed  to  be  independent  of  temperature.  The 
present note is intended to demonstrate that this is true only in cer- 
tain  special  cases,  and  that  several of the disparities  in  values  re- 
corded for relative rates of hydrolysis may be attributed to the omis- 
sion of this fact. 
It is well known that all glucosides are hydrolysed by acids accord- 
ing to the unimolecular law ;-- 
1 In  A  .(1), 
k=~-  A~  ........................... 
and that the variation of k with temperature is given by the Arrhenius  1° 
equation ;-- 
dln  k  E 
•  =  (2) 
dr  k-# .............................. 
Experiment shows that E, the critical increment or energy of activa- 
tion, is, for the hydrolysis of glucosides by acids, independent of tem- 
perature, the degree of hydration, and  the  thermodynamic activity 
of the  catalysing hydrogen ion. I1  In order to  show how the  raHo 
of the velocity coefficients for two glucosides varies with temperature, 
the case of the isomeric methylglucosides may be considered.  Let k~, 
and k~, be the unimolecular constants for the hydrolysis of a-methyl- 
glucoside and/3-methylglucoside respectively at a temperature Tz.  If 
ko~ and k~, be the corresponding values  of  the  rates  of  hydrolysis 
at a temperature T2, then it follows from equation (2)  that;-- 
(~ -  ~)  (r~  -  T1) 
ka2  k  RTtTI 
~' e  ......................  (3) 
It is at once clear from this equation that  the ratio of the rates of 
hydrolysis for two glucosides will be independent of temperature only 
9 Euler, Z. physikal.  Chem.,  1900, 32, 348; Michaelis, Berichte,  1913,  46, 3683; 
Euler, Trans. Faraday Soc., 1928, 24, 651. 
10 Arrhenius, Z. physikal. Chem., 1889, 4, 226. 
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when  the  two  hydrolyses  have  identical  critical  increment  values. 
It has been shown  12 that E  for the hydrolysis of a-methylglucoside is 
greater  than  E  for  the  hydrolysis of  the  0  isomer,  hence  the  ratio 
k~x. 
ka  increases with rise in temperature. 13  At a  temperature of 116°C. 
this  ratio becomes unity,  i.e.  both  glucosides  are hydrolysed  at  the 
same  rate;  above  this  temperature,  a-methylglucoside  is  the  more 
Glucoside hydrolysed 
Disaccharide 
Trehalose  ..................................................... 
Melibiose  ..................................................... 
Gentiobiose  ................................................... 
Turanose ..................................................... 
Maltose  ...................................................... 
Cellobiose  .................................................... 
Lactose  ...................................................... 
Sucrose. 
Trisaccharides 
Melezitose  .................................................... 
Raflinose  ...................................................... 
Glucosides 
¢x-Methylglucoside  ............................................. 
Mandelonitrile-glucoside  ........................................ 
B-Methylglucoside  .............................................. 
Salicin  ........................................................ 
Arbutin ...................................................... 
Phlorhizin ................................................... 
Tetramethyl-a-methylglucoside  .................................. 
Critical Increment 
(Calories/gram 
mole) 
40,180 
38,590 
33t390 
32,450 
30,970 
30,710 
26,900 
25,830 
25,600 
25,340 
38,190 
34,040 
33,730 
31,630 
30,760 
22,920 
19,840 
readily  hydrolysable;  below  this  temperature,  0-methylglucoside  is 
the more easily attacked.  Since the discovery of the isomeric methyl- 
glucosides  by Fischer, 14 a  large number of investigators  have found 
different  values  for  the  ratio k~/kt~  in  the  acid  hydrolysis  of  these 
methylglucosides.  Following  the  value of 3  given by Ekenstein, 1 a 
x2 Moelwyn-Hughes, Trans. Faraday Soc., 1929, 25, 503. 
x3 This is in contradiction to the results of Armstrong and CaldweU.  8 
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value of 2.42 was found to hold at 70°C. by Freudenberg, Di~rr and 
Hochstetter;  8 the ratio from the data of Armstrong and  CaldwelP 
at  75°C.  is  1.91.  The  general  discrepancy between  the  various 
values which have been recorded for this ratio is seen from the above 
to be a consequence  of the fact that the hydrolyses  of the two isomeric 
methylglucosides  have different critical increments. 
A summary of the critical increments for the hydrolysis of some of 
the simpler carbohydrates by hydrochloric acid is given in the table. 
The data  for lactose,  sucrose,  melezitose and  raffinose are  due to 
Stothart;  is the value for maltose is that found by Kieran;  15 and the 
critical increments in the case of mandelonitrile glucoside and gentio- 
biose have been calculated from the results of Caldwell and Courtauld 
on the hydrolysis of amygdalin.  16  It is clear from the values of the 
critical increments (E) given in this table that the assumption made 
ka-methylglucoside and 
by Kuhn and Sobotka  6 in regarding the ratios  kmaltose 
k/3-methylglucoside 
as being independent of temperature is not permis- 
ksalicin 
sible since E for a-methylglucoside  is not equal to E for maltose, and 
the  E  values for ¢/-methylglucoside  and salicin are different.  Both 
these  ratios  increase  with  rise  in  temperature.  Armstrong  and 
ksucrose 
Glover# on the other hand, are justified in assuming  to be 
kraginose 
unaltered by temperature, for subsequent work has shown that the 
critical increments /or the hydrolysis of  these  two  sugars  are  the 
same.  The same remark applies to the work of Josephson  7 on the 
hydrolysis  of salicin and arbutin. 
The considerations given above serve to emphasise the importance 
of obtaining critical increment data in the study of hydrolytic reac- 
tions, particularly when the object of the research is the comparison 
of acidic and enzymic hydrolyses, for these two must necessarily be 
investigated at different temperatures.  Incidentally it may be re- 
marked that, in the study of the hydrolysis  of glucosides by acids, the 
critical  increment has  been found to  be  a  much more  significant 
quantity than velocity  itself.  It is not improbable that the same may 
is Unpublished  work  carried  out in this Laboratory, 1922-26. 
16 Caldwell  and Courtauld,  Trans. Ckera. Soc., 1907, 91,666. E.  A.  MOELWYN-HUGHES  321 
be true of the hydrolysis of glucosides by enzymes, although there are 
obvious experimental difficulties in  the way when the true critical 
increment for the enzymic hydrolysis of a given substrate is desired. 
SUMM~.R¥ 
Attention is  drawn  to  the necessity of taking the values of the 
critical increments into account when the velocity constants for re- 
actions of any pair of glucosides are  compared.  The ratio  of the 
velocity coefficients for the hydrolysis of any two glucosides, deter- 
mined at the same temperature, varies with temperature except in 
the special case when both hydrolyses have the same critical incre- 
ment.  Different values given by various investigators for the same 
ratio are shown to be due to the fact that comparative experiments 
have been carried out at different temperatures with two glucosides 
possessing different critical increment~ of hydrolysis.  In the light of 
these considerations it becomes necessary to revise certain deductions 
which have been drawn from the comparison of rates of hydrolysis of 
glucosides by acids (at fairly high temperatures) with the rates of 
hydrolysis of glucosides by enzymes (at relatively low temperatures). 
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